leaf-feeding herbivores, bees may have little need for the bitter taste receptors that other phytophagous insects use to detect these compounds [19] .
While sericulture is not as ancient as the relationship between bees and flowers, silkworms were being cultured in China by 2500 B.C. and probably much earlier. The potential for evolutionary change over this period is amply demonstrated by the adults of B. mori, which have lost the ability to fly and do not feed. Moreover, while adult B. mori express BmOr-56 they do not respond to cis-jasmone or, apparently, to any odor cues apart from the sex pheromone, bombykol, which still guides reproduction. But, though an intriguing possibility, it is currently impossible to say whether the simplicity of the observed response of domesticated B. mori larve to olfactory cues from their host plant reflects the reduction of a more complex suite of responses employed by the free-living ancestors. To answer this question, it would be very useful to investigate the olfaction and behavior of adults and larvae of B. mandarina, the nearest wild relative of B. mori.
What is clear from the new study [15] , however, is the power of the approach employed here to reveal patterns of olfactory reception and response that bear directly on such questions by integrating genomic, ecological, and physiological data. The convergence of these empirical approaches promises to provide new insights into the ecological significance of volatile-mediated interactions among plants and insects, and into their evolutionary origins, which are currently little known. To that end, exploration of differences between natural and human-dominated (for example, agricultural) systems, as suggested above for B. mori, may be a valuable starting point for future work. A surprising aspect of much past work in plant-insect chemical ecology is the frequent documentation of complex and sophisticated interactions -mediated by plant volatiles -occurring in agricultural assemblages of plant and insect species that do not reflect natural associations. It is often not clear whether such apparent adaptation reflects rapid evolution of insect olfactory responses in these systems, inherent flexibility in insects' detection and response systems, or the retention of adaptive mechanisms evolved in ancestral environments. A comparative approach employing the analytical tools discussed here may soon answer such questions, while perhaps also teaching us how to manipulate such interactions to enhance the sustainable management of agricultural ecosystems. Although we don't perceive visual stimuli during saccadic eye movements, new evidence shows that our brains do process these stimuli and they can influence our subsequent visual perception.
Michael R. Ibbotson and Shaun L. Cloherty
People shift their gaze between objects of interest using rapid pre-planned eye movements known as saccades. While saccades are essential for pointing the eye at targets in the scene, they induce rapid and potentially disturbing visual motion across the retina. Yet in everyday experience these rapid scene shifts are not perceived. In fact, most visual stimuli presented just before and during saccades are not perceived [1] , a phenomenon referred to as saccadic omission. As reported in this issue of Current Biology, Watson and Krekelberg [2] employed a visual shape illusion to probe the mechanism underlying saccadic omission. In brief, presentation of an inducing stimulus (an oriented line) distorts the perceived shape of a subsequently presented circle [3] : when the line is presented the circle appears oval-shaped. When the inducing stimulus was presented just before a saccade, the observers were not aware of it, but when the circle was presented after the saccade the observers still perceived an oval. The implication is that the visual brain continues to process visual information during saccades but that the mechanism of saccadic omission prevents such processing from reaching perception.
A debate has raged for many years about how the visual system perceptually 'omits' visual stimuli during saccades [1, 2, [4] [5] [6] . One theory suggests that, in planning to make a saccade, the brain simultaneously sends signals to suppress the visual pathways [1] . An alternative theory suggests that saccadic omission is the result of backward temporal masking, whereby visual stimuli present at the time of re-fixation overpower, or mask, stimuli presented before or during the saccade [4] [5] [6] . Watson and Krekelberg's [2] experiments suggest that omission of pre-saccadic stimuli cannot be attributed solely to saccadic suppression, because visual stimuli are evidently processed by the visual system during saccades. This finding is consistent with previous observations suggesting that suppression is not sufficient to fully explain the mechanism of saccadic omission [6] . Backward masking would therefore appear to offer a plausible mechanism for saccadic omission. But backward masking relies on the mask being stronger than the stimulus during the antecedent saccade [7] . Therefore, a visual stimulus during the saccade would need to be weak compared to the visual stimulus at re-fixation. The problem is that in natural scenes this requirement is frequently challenged.
Consider the example illustrated in Figure 1A . The horizontal surfaces of the steps have little contrast and provide only weak visual stimulation; however, the risers between steps have high contrast and provide strong visual stimulation. For a saccade made from one step to the next (from X to Z) the visual stimulus during the saccade would be strong while the mask stimulus at saccade-end would be weak. Neural responses for this scenario, assuming no saccadic modulation, are illustrated schematically in Figure 1B . It seems unlikely that backward masking could adequately deal with this common visual situation, as the response during the saccade is dominant.
Evidently, neither suppression of neural activity nor backward temporal masking alone can fully explain the phenomenon of saccadic omission. However, recent physiological experiments in behaving primates may provide a unifying theory. In primates, there is a biphasic modulation of visual sensitivity around the time of saccades [8] [9] [10] [11] [12] [13] . This consists of a pre-saccadic reduction and a substantial post-saccadic enhancement of spontaneous neural activity and visual sensitivity. In the medial superior temporal area (MST) of the parietal cortex, for example, the mean pre-saccadic reduction in visual sensitivity is around 50% and the post-saccadic (or re-fixation) enhancement boosts responses by more than 70% ( Figure 1D ) [13] .
Consider now a saccade from X to Z, as shown in Figure 1A , but in the context of this biphasic modulation of visual sensitivity. The initial suppression would reduce the visibility of the high contrast stimulus during the saccade while neural responses to the weak stimulus at re-fixation would be enhanced ( Figure 1C ). In effect, although the mask stimulus itself is weak, the response to the mask is strong. Thus, the biphasic modulation of visual sensitivity could potentiate the efficacy of backward masking. Moreover, recent studies in monkeys [12] [13] [14] [15] have shown that the latencies of responses to post-saccadic stimuli are reduced compared to those for the same stimulus presented before a saccade. Thus, responses to the post-saccadic mask stimulus could truncate the saccadic response and further enhance the backward masking mechanism (note the shorter latencies in Figure 1C compared to 1B). The elegance of this unifying theory is that it obviates the need for absolute suppression of neural activity -visual processing can persist during the saccade provided the enhanced response to the stimulus at re-fixation is sufficient to invoke backward masking and hence dominate perception.
This theory is contingent upon substantial post-saccadic (re-fixation) enhancement, rather than the pre-saccadic suppression, of neural responses. This is consistent with the available physiological evidence -while saccadic suppression of neural activity is reportedly weak in many brain areas [4, 8, 9] , post-saccadic enhancement is a robust and prominent feature of all areas investigated to date [4, 13] . Moreover, this hypothesis is also consistent with the behavioural evidence presented in Watson and Krekelberg [2] -evidently, the pre-saccadic inducing stimulus is omitted from awareness, possibly by backward masking, yet this same stimulus is clearly processed to some extent by the brain and, importantly, can influence the perception of subsequent visual stimuli.
In primates, most visual information is relayed via the lateral geniculate nucleus (LGN) to the primary visual cortex (V1) and then through two major cortical pathways: the ventral and dorsal streams. In the early visual system (LGN and V1), saccadic suppression is weak [4, [8] [9] [10] [11] . Therefore, pre-saccadic stimuli almost certainly enter both cortical pathways. In the dorsal pathway, physiological studies show that, although suppression is widespread ( Figure 1D ), some processing of visual information continues during saccades [14, 16] . Little is known about saccadic modulation of neural activity in the ventral pathway [17, 18] . The available psychophysical evidence suggests that processing of some stimulus attributes in the ventral stream is not suppressed during saccades [2, 19, 20] . Addressing the lack of evidence pertaining to saccadic modulation of neural activity in the ventral stream is the next major step towards understanding saccadic omission.
In summary, visual processing during saccades is complex. Saccadic stimuli are omitted from awareness, yet some visual processing capacity is retained. Rather than suppressing everything during a saccade, the visual system is geared towards enhancing what happens after it. This simultaneously generates powerful backward masking and promotes important information at re-fixation. Also, based on the observations by Watson and Krekelberg [2] , perception at re-fixation is formed in the context of the information coded during the planning and execution of the saccade. Immune evasion in the parasitic African trypanosome relies upon the silencing of variant surface glycoprotein genes that are found adjacent to telomeres. Work on the RAP1 telomere-binding protein now indicates that silencing spreads over a sufficient distance to repress these genes.
David Horn
Promoters drive gene expression by recruiting RNA polymerase but, in the vicinity of telomeres, promoters and their associated genes are silenced. This 'telomere position effect' phenomenon was first described in yeast [1] and was subsequently demonstrated in human cells and also in trypanosomes [2] . There are distinct types of telomeric silencing that are mediated by different factors and, depending upon the cell type, differ in the distance that the effect spreads from the telomere. A recent study on the trypanosome telomere-binding protein repressor/activator protein 1 (RAP1) now reveals that a far-reaching type of silencing extends over a sufficient distance to silence all but one of the promoters associated with variant surface glycoprotein (VSG) genes [3] .
The African trypanosome, Trypanosoma brucei, is a protozoan parasite of major medical and economic importance. These highly motile cells circulate in the mammalian host bloodstream and are spread among mammals by tsetse flies. Mammalian host immune mechanisms will likely eliminate any infectious agent that exposes a common set of epitopes for several days and this is why many pathogens have evolved strategies for phenotypic, clonal variation of surface proteins. African trypanosomes provide a sophisticated example of an immune evasion strategy that allows the establishment of a persistent infection in immunocompetent hosts. In trypanosomes, the VSG coats the cell and has the capacity to shield other surface molecules from immune attack [4] . There are many potential telomeric VSG expression sites (ESs; Figure 1 ) but only a single VSG is expressed by each cell and a co-ordinated switch can transfer active transcription from one telomere to another [5] . Importantly, silencing at all other ESs is critical to maintain monoallelic expression and the integrity of the evasion strategy.
The discovery of telomeric silencing offered a potential mechanism for the control of VSG genes in trypanosomes, as well as for the control of other subtelomeric gene families that are subject to monoallelic expression, such as those encoding olfactory receptors in mammals [6] and variant surface proteins (var genes) in the malaria parasite [7] . Crucially, the silencing effect would have to extend a long way from the telomere in these organisms if these genes were to be affected. Most of what we know about telomeric silencing mechanisms comes from studies in yeast where the repressive activity of RAP1 is exhibited at telomeres [8] , via binding to the characteristic short telomeric DNA repeats and recruitment of a silent information regulator (SIR) complex. This SIR complex spreads beyond the telomeric repeats and modifies histones, thus forming silent chromatin or heterochromatin at subtelomeres [9] . The SIR2 component of this complex is a histone deacetylase [10] , and disruption of SIR2-related proteins results in loss of telomeric gene silencing in yeast [11] and loss of telomeric var gene silencing in the malaria parasite [7] . These results also indicated that the silencing effect can spread great distances from the telomere. In the trypanosome, however, disruption of tbSIR2 resulted in only partial loss of silencing close to the telomere and VSG ES promoters were unaffected [12] ( Figure 1A) . So how are telomeric VSG genes silenced? Telomere position effects that are mechanistically related to those described in yeast have obvious appeal and sequencing of the trypanosome genome presented new opportunities for research in this area. Yang and colleagues [3] now provide direct evidence that telomeres are involved in the regulation of VSG control by showing that depletion of trypanosome RAP1 increases VSG expression from all ESs by up to 50-fold ( Figure 1B,C) . tbRAP1 was initially identified via an interaction with a telomere repeat-binding factor (tbTRF1) and was then shown to colocalise with this protein and to associate with telomeric DNA, possibly directly via Myb-like DNA-binding domains. Depletion of tbRAP1 using an inducible RNA interference approach indicated that the protein is essential for growth but provided a window of opportunity to explore VSG expression. To provide good coverage, the authors exploited a recently published complement of ES sequences [13] and used quantitative real-time PCR to examine the expression of all fourteen VSGs located in telomeric ESs in the strain analysed. Importantly, VSG-specific antisera detected multiple VSGs on the surface of individual cells following tbRAP1 depletion, indicating that monoallelic VSG expression was severely compromised. Other recent studies support the idea that multiple chromatin modifiers cooperate to silence VSG ESs; deletion of a histone methyltransferase gene (tbDOT1B, named after yeast disruptor of telomeric silencing 1, DOT1) led to
